Abstract. Soil acidity and aluminum presence may reduce plant growth worldwide. In several cases, these two parameters, either alone or associated, can lead to plant constraints, which is barely known in natural ecosystems. In order to address these constraints, current model of study is Qualea cordata, an endemic species of Brazilian impoverished soil of rupestrian fields. Plants were grown, both in very acidic soil and in little deacidificated soil. After 6 months of growth in two acidic soil conditions and aluminum presence, the accumulation and dry biomass partitioning and content of nitrogen, calcium, magnesium, phosphorus, aluminum and chloroplastic pigments were evaluated and also chlorophyll fluorescence was obtained in intact plants. The soil deacidification induced an increase of mineral element contents in the leaves, however, lower total plant biomass and aluminum accumulation, also induced differential biomass partitioning and greater carotenoid levels. Regardless of the soil acidity, the levels of chlorophyll were not altered even in photosynthetic parameters. The results highlighted the resilience of this species to natural and very acidic soil conditions, indicating the need and the beneficial effect of aluminum accumulation in this specie.
Introduction
Acidic soil with aluminum (Al) availability is one of the environmental factors which compromises plant growth in many parts of the world, because in such soil the increase of this metal availability reduces plant development in most cases (Poschenrieder et al., 2008; Kochian et al., 2015) . In general, the Brazilian savanna soil, including the rupestrian fields, is acidic, oligotrophic and containing high Al concentrations (Oliveira et al., 2015) . However, throughout the world, some plants not only tolerate Al, but also accumulate significant quantities in the shoots and are therefore identified as Al accumulators (Jansen et al., 2002a) , for example, Camellia sinensis (Theaceae) leaves are used for tea and may accumulate up to 30,000 mg Al kg -1 of dry mass (Matsumoto et al., 1976) . Many of these Al accumulating plants are found in the Brazilian flora, especially species of the Melastomataceae, Vochysiaceae and Rubiaceae families (Souza et al., 2015) , and very little is known about the ecological adaptation traits of these species.
Arboreal species or bushes frequently found in rupestrian fields such as those represented by the Vochysiaceae family, including Qualea grandiflora, Q. parviflora, http Vochysia thyrsoidea, V. haenkeana, as well as Melastomataceae (Miconia spp) and Rubiaceae (Palicourea rigida) families, are known to be Al accumulators (Jansen et al., 2002b; Olivares et al., 2010) . Some of these species have notable behaviors in terms of adaptation to soluble Al in the soil. For example, contrary to expectations, high Al concentrations in leaves are not associated with low essential nutrient content. While some Al accumulating plants are restricted to oligotrophic soil, others are indifferent to soil fertility (Haridasan, 2000) . The elevated Al content found in shoots of the Al accumulators suggests that these plants have an Al uptake and translocation system which cannot be found in nonaccumulating plants (Ma and Hiradate, 2000) . Considering the arboreal native species from rupestrian fields, a small number of studies have been conducted. Most of them evaluate the quantitative plant Al accumulation obtained in situ and are rarely related to ecological adaptations and to controlled alterations of abiotic factors. Some authors argue that the capacity of Al accumulation is a determining evolving trait in these species to the point that some of them cannot survive without this metal present in the soil (Jansen et al., 2002a) . Floristic studies have shown that the Vochysiaceae family has many endemic species in this ecosystem (Shimizu and Yamamoto, 2012) and that in its majority; it has an accumulating trait of more than 1000 mg Al Kg -1 in the shoots (Jansen et al., 2002a) . These species are spread out in the Espinhaço Mountains in Brazil, and in other areas of the South American region (Shimizu and Yamamoto, 2012) . In terms of growth, in general, plants respond positively to soil deacidification, including some native plants of different ecosystems (Haridasan, 2000) . Thus, the hypothesis in this study was that minor alterations in soil acidity may interfere in the mineral nutrient and Al accumulation as well as plant development of Qualea cordata (Vochysiaceae). The relationship between changes of the acidic soil conditions and its related nutrients and Al levels were verified for the growth of this plant of the Brazilian Cerrado and rupestrian field.
Materials and Methods

Plant material and acidic soil conditions
Qualea cordata plants are an arboreal species, seed propagated, that grow in mesotrophic soil rich in Al and also occur in dystrophic and very acid soils (Haridasan, 2008; França, 2015) . The species is found in South America, from Brazil to Bolivia, in savannahs, the Atlantic and cost rainforest (Correa, 1926) . The plants grew in a greenhouse from the botanic department of the Federal University of Minas Gerais, Brazil. Seeds and soil used in the experiments were collected in rupestrian fields of the Serra do Cipó National Park, Santana do Riacho, Minas Gerais. The harvested fruits were left in the open at room temperature for 30 days for drying and opened to allow seed removal. After this period, they were kept in the freezer until use.
The soil was collected at 25 cm of depth, in the site of occurrence of this species using a shovel, and the vegetation and organic remains were removed. The soil fertility was analyzed according to Claessen et al. (1997) using the EMBRAPA method in the soil fertility laboratory at the Federal Rural University of Rio de Janeiro.
Seeds were sterilized in 5% hypochlorite for 5 min and then washed 3 times in deionized water. Germination was conducted in plastic gerbox plates covered with 2 germination papers moistened with deionized water, conditioned in germination chamber for 7 days at 30°C and for a 12h photoperiod. 
Growth evaluation and leaf mineral element content
Plants (n=10) were grown in two different soil acid conditions in the greenhouse for 6 months and irrigated on alternate days with distilled water up to water saturation of the soil. After this period, plants were carefully withdrawn from the pots and the shoot and root lengths were measured. After this, the plants from both soil treatments were separated into stalk, roots and leaves, and then taken to a forced air oven at 60°C until constant mass, to obtain the corresponding dry mass of parts and total biomass. The relation of roots to shoots (R:S) was calculated starting from these values.
The leaf content of the elements iron (Fe), aluminum (Al), magnesium (Mg), calcium (Ca), nitrogen (N) and phosphorus (P) was obtained after dry mass digestion in sulfuric acid and hydrogen peroxide. The P content was determined colorimetrically at 410 nm using ammonium vanadomolybdate and N content, according to the Kjeldahl procedure (Allen, 1989 ). The Al, Ca and Mg content was obtained through flame atomic absorption spectrometry (FAAS) using Varian, model AA240FS (Mulgrave, Australia).
Chloroplastic pigments and photosynthetic evaluation
For photosynthetic pigment contents, three leaf discs with 1 cm diameter were withdrawn from a totally expanded leaf of five individuals of two soil treatments and submerged in 5 mL of 80% acetone for 48 h at 4°C. These tissues were macerated, centrifuged and the supernatant was used for spectrophotometric determination of chlorophyll a, chlorophyll b and carotenoids in the following wave-lengths 470, 646 and 663 nm, respectively. The chloroplastic pigment levels were determined as proposed by Lichtethaler and Wellburn (1983) .
The photosynthetic parameters were evaluated on a typical day through chlorophyll fluorescence, measured with a modulated fluorescence meter (MINI-PAN, WalzGermany), and the potential quantic yield values (Fv/Fm) and the effective quantum yield (ΔF/Fm') was obtained in plants from the acid and less acidic soil. The Fv/Fm from the photosystem II was evaluated in the early morning and the leaves were adapted in the dark for 30 min, being that Fv/Fm = (Fm -F 0 )/Fm in which Fm refers to the maximum fluorescence and F 0 to the basal fluorescence. Concerning the ΔF/Fm' values, these were determined being that ΔF/Fm' = (Fm'-F)/Fm', in which F is the chlorophyll fluorescence of the sample adapted to the light and Fm' to the maximum fluorescence of samples with saturating pulse.
Statistical analysis
Variance analysis (ANOVA) was carried out to analyze obtained data in the assays. 
Results
Acidic soil and nutrient levels and plant growth evaluation
The results of fertility soil analysis from the site of occurrence of Q. cordata revealed soil pH values extremely acid with high aluminum content. Also, the nutrient content is low, characterizing the soil as impoverished and dystrophic ( Table 1) . The less acidic soil affected negatively and significantly the Q. cordata plant growth. The plants grown in more acidic soil presented greater increase in root, leaf and shoot dry weight as well as the total dry weight in comparison to those grown in less acid soil. However, there was no variation in dry weight of the stem or in the root and shoot ratio (R:S) (Figure 1) . After 180 days of growth, the increment of dry biomass of root, shoot and total biomass of plants from more acidic soil was significantly higher compared to the same values of plants from less acidic soil. However, the R:S ratio was not significant. Regarding the total plant height ( Table 2) , those grown in more acidic soil presented an average apex root length of 43.9cm, while those obtained in the less acidic soil presented 45.0cm. However, the greatest length of roots was found in plants in the less acid soil, and there was a difference in the shoot height of plants in this soil in contrast to those obtained after growth from less acidic soil. 
Leaf mineral element analysis
In terms of the mineral element content in leaves, the greatest values of N, P, Ca and Mg were found on leaves of plants grown in less acidic soil (Figure 2) . Contrastingly, the Al leaf content was greater in plants grown in more acidic soil. 
Chloroplastic pigments and photosynthetic evaluation
The total chlorophyll content, distributed among a and b, was not altered in plants from less acidic soil (Table 3) , but the carotenoid content and the chlorophyll: carotenoid ratio changed, where the carotenoid content was two times greater in those plants grown in this deacidification soil.
The analysis of fluorescence of chlorophyll a (Figure 3 
Figure 3. Potential quantum yield (Fv/Fm) (circles) and effective quantum yield (ΔF/F'm) (squares) in the leaves of Qualea cordata after 6 months of growing in more acidic soil (white symbol) and also in less acidic soil (black symbol). Measures obtained on a clear day from 6:30 am to 1:30 pm. Means and standard deviation with n = 3.
Discussion
Soil nutrient levels and plant growth evaluation
The soil nutrient analysis at the occurrence site of Q. cordata revealed very low values of the base saturation such as the content of P, Ca and Mg, and organic matter as it has been highlighted for rupestrian field soils (Baligar et al., 1995; Oliveira et al., 2015) . Contrastingly, elevated values of Al saturation were found, making the ion Al the most predominant cation (Benites et al., 2003) . However, the acidity and elevated Al saturation found on site were above those generally found in the Brazilian Cerrado (Baligar et al., 1995 impoverished soil that were found, the greatest total biomass accumulation was evident in plants that were grown in this soil, and the shoot was larger in comparison to the roots, that is, a greater investment in structural carbon took place in the shoot. Contrastingly, plants from less acidic soil, there was an equitable partition between shoot and roots. Considering the present chemical soil conditions, the results suggest that the photoassimilated drain in the roots was as strong as of that in the shoots. For Miconia albicans, Haridasan (2008) showed that when plants grow in acidic and fertile soil, there was a greater increase in height and biomass, compared to those from acidic and oligotrophic soil, and in alkaline soil, plant growth was significantly less than in those from acidic and impoverished soil. In the present study, there were no nutrients added to the soil, but deacidification was enough to modify the carbon partition. The results also showed a larger carbon displacement for biochemical purposes due to the smaller biomass incorporation of plants in less acidic soil. There was no difference in the root: shoot (R:S) mass ratio obtained in plants that were grown in less acidic soil, but in relation to the plant length, this condition favored an increase in root size but not in the shoot. In the more acidic soil, a larger mass and a shorter root were indicators of a greater root diameter, and the inversion of these parameters in the less acidic soil suggests thinner roots. The greatest root system length in less acidic soil can be related to alterations in soil nutrient to improve the root uptake system, however, it is also considered that even an Al tolerant plant develops symptoms associated with metal toxicity, such as the thickening and shortening of roots (Silva et al., 2014) .
Soil and leaves mineral content
It is known that soil deacidification promotes Al and Fe precipitation which is exchangeable, and reduces P precipitation, increasing labile P fraction (Souza et al., 2007) . This was confirmed through the greatest P content found in leaves. A large N content was also observed in plant leaves from less acidic soil; however, the greatest presence of these elements did not induce the greatest growth of shoots or biomass accumulation. The N and P contents found in Q. cordata leaves, after growth in both acidic soil conditions, were similar to those found in Q. grandiflora and Q. parviflora (Nardoto et al., 2006 ) and other arboreal species in natural field conditions (Delitti et al., 2006) . The Ca and Mg contents in leaves from less acidic soil increased significantly, mainly the Mg content with values nearly twice as high and this response had already been previously reported in other native and cultivated plant species of this ecosystem (Furtini Neto, 1999) . In Plantago almogravensis, Al hyperaccumulator plant, the concentrations of Ca and Mg in the shoot were maintained along the Al gradient (Serrano et al., 2011) . In Q. cordata the greatest content of N, Ca, Mg and P in leaves, despite not having induced the greatest biomass accumulation in plants, is closely related to the greatest uptake of these nutrients due to soil deacidification, and to the root system length which was approximately 20% higher.
According to Jansen et al. 
Chloroplastic pigments and photosynthetic evaluation
No changes were observed in the chloroplastic pigment of plants from less acidic soil, except the carotenoid content. Although an increase was expected, the chlorophyll content remained unchanged, since there is a positive correlation to the N content (Verhoeven et al., 1997) . Interestingly, despite the less acidic soil plants having accumulated more N, it was not converted to more chlorophyll synthesis that could enhance the photosynthetic capacity. It is probable that the N was conducted for enzyme synthesis for the metabolism of other nutrients and perhaps if the soil organic matter content were higher, the greatest N availability/uptake could have enhanced photosynthetic activity. Haridasan (2008) , cultivated Miconia albicans and Vochysia thyrsoidea in calcareous soil and observed leaf chlorosis. This symptom disappeared in these plants removed to acidic soil whereas in Q. cordata, leaf chlorosis was not observed. Also, in Q. grandiflora, Al enters the chloroplasts without apparent damage to this organelle (Andrade et al., 2011) . In relation to the carotenoid content, Franco et al., (2007) suggested that zeaxanthin plays an important role in the dissipation of nonphotochemical energy in trees at moments of higher irradiance. Thus, the highest carotenoid content found in plants from less acidic soil suggests that the change in soil acidity generated the need for more photoprotective capacity, evidenced by the increase in Chl:Cx ratio.
Chlorophyll fluorescence data indicated chronic photoinhibition in Q. cordata leaves in the evaluated time period. The performance of the photosynthetic apparatus observed by Fv/Fm and ΔF/F'm did not change in plants from less acidic soil, indicating that lower carbon incorporation would result in greater damage to photosystem II, as often reported in plants under stress due to the lack or excess of boron (Pinho et al., 2010) , nitrogen (Tripodi and Sievering, 2010) or copper (Padua et al., 2010) . The slight photoinhibition observed since dawn (Fv/Fm < 0.8) became more pronounced with the increase of irradiance. Franco et al. (2007) , demonstrated similar behavior in Schefflera macrocarpa and Ouratea hexasperma and suggested that increased vulnerability to photoinhibition in the morning was reversed by the cycle activity of the xanthophylls, leading to an improvement in the photochemical process. Thus, in this plant growth stage, the results pointed to the failure of adaptation to higher photosynthetic rates, as constitutive levels of chlorophyll are maintained, and there was greater biomass http://www. incorporation even with an increased nutrient uptake. However, the increase of carotenoid level indicated the need for photoprotection and without this mechanism the photoinhibition could be more severe in plants from less acidic soil conditions.
Conclusions
Our data support the ecological adaptation of Q. cordata growth in impoverished rupestrian field soils and can also explain the distribution pattern of the species in extremely acidic soil with high Al content. This research revealed that such species is an Al accumulating plant. The slight variation of soil deacidification in the occurrence areas of this species, and other plants with similar ecological chemical soil adaptations, can induce a constraint in the reintroduction process, once it leads to reduced initial growth and its possible plant establishment. Despite the results obtained in controlled conditions, the resilience of this species and also other Al accumulator plants should be revealed in field conditions, like other environmental constraints that compromise the growth of native plants. http 
